The pathogenesis of sporadic thoracic aortic aneurysm and dissection, which may lead to rupture of the aorta, remains largely unknown. Amyloid deposits, formed from the medin peptide, are very prevalent in the media of the thoracic aorta. We have studied the occurrence of medin-derived amyloid in specimens from patients with thoracic aortic aneurysm, aortic dissection type A and normal dimensioned aorta. Surprisingly, the amount of amyloid was significantly lower in the aneurysm and dissection groups (0.63±0.13 and 0.36±0.24 amyloid particles per mm 2 , respectively) compared to the control material (2.37 ± 0.58). However, focal medin immunoreactivity not associated with amyloid was found more conspicuously in the media of the two diseased groups. Recent amyloid research indicates that prefibrillar oligomeric aggregates, rather than mature amyloid fibrils, are toxic to the surrounding cells. The non-amyloid medin immunoreactivity observed may represent such toxic oligomers. This is supported by the fact that aggregated medin induced death of aortic smooth muscle cells in vitro. In addition, cells incubated together with medin increased the production of matrix metalloproteinase-2, a protease that degrades elastin and collagen and subsequently weakens the vessel wall. We therefore propose that medin oligomers are involved in the degeneration process of sporadic thoracic aortic aneurysm and dissection.
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The pathogenesis of sporadic thoracic aortic aneurysm and dissection, which may lead to rupture of the aorta, remains largely unknown. Amyloid deposits, formed from the medin peptide, are very prevalent in the media of the thoracic aorta. We have studied the occurrence of medin-derived amyloid in specimens from patients with thoracic aortic aneurysm, aortic dissection type A and normal dimensioned aorta. Surprisingly, the amount of amyloid was significantly lower in the aneurysm and dissection groups (0.63±0.13 and 0.36±0.24 amyloid particles per mm 2 , respectively) compared to the control material (2.37 ± 0.58). However, focal medin immunoreactivity not associated with amyloid was found more conspicuously in the media of the two diseased groups. Recent amyloid research indicates that prefibrillar oligomeric aggregates, rather than mature amyloid fibrils, are toxic to the surrounding cells. The non-amyloid medin immunoreactivity observed may represent such toxic oligomers. This is supported by the fact that aggregated medin induced death of aortic smooth muscle cells in vitro. In addition, cells incubated together with medin increased the production of matrix metalloproteinase-2, a protease that degrades elastin and collagen and subsequently weakens the vessel wall. We therefore propose that medin oligomers are involved in the degeneration process of sporadic thoracic aortic aneurysm and dissection. KEYWORDS: amyloid; aneurysm; dissection; lactadherin; medin; thoracic aorta Thoracic aortic dissection and thoracic aortic aneurysm are life-threatening conditions associated with degenerative changes in the media. In rare instances, the disorders are associated with Marfan syndrome in which missense mutations in the fibrillin-1 gene lead to defective elastic tissue. However, in most cases, the pathogenesis of these conditions is poorly understood. Degeneration of elastic structures and extracellular deposits of glycosaminoglycan-rich material, the latter often referred to as cystic medial necrosis, are typical histopathologic findings. 1, 2 Increased production or presence of certain matrix metalloproteinases (MMPs), particularly MMP-1, MMP-2 and MMP-9, has been found in both thoracic aortic aneurysms and dissections. [3] [4] [5] [6] The resulting proteolysis leads to weakening of the aortic wall and appears to be a direct cause of the lesions. Why there is an upregulation of MMPs is unknown.
Small localized amyloid deposits are particularly common in the cardiovascular system. Amyloid in any location is characterized by its fibrillar ultrastructure, X-ray diffraction pattern and staining properties with Congo red and Thioflavin T, characteristics that are all related to the high degree of b-pleated sheet content of amyloid. The most prevalent site of amyloid deposition in humans is the media of arteries, [7] [8] [9] and these amyloid deposits have been found to be biochemically distinct from other cardiovascular amyloid forms. 9, 10 The main amyloid fibril protein is medin (or AMed), which is a 50 amino-acid residue internal cleavage product of the precursor protein lactadherin. 11 Lactadherin is a 364 amino-acid residue protein found in many tissues [11] [12] [13] [14] and has many proposed functions. 13, [15] [16] [17] To these functions we have added the ability of lactadherin to bind to elastin, and we have suggested that lactadherin acts as a linker between smooth muscle cells and elastin through its RGD-sequence at the N-terminal part and its medin part close to the C terminus. 18 In Alzheimer's disease, type II diabetes and some other disorders amyloid is a histopathological hallmark (for review see Merlini and Bellotti  19 and Westermark   20 ). After being overlooked for a long period of time, the potential importance of amyloid in the pathogenesis of these diseases has more recently come into focus. Exactly how aggregated proteins lead to tissue injury is not completely understood. Although amyloid deposits are space occupying and in this way may disturb normal function, recent data indicate that other mechanisms are more important. The fully developed amyloid fibrils may not be the most deleterious. Rather, smaller prefibrillar aggregates, often referred to as oligomers or protofibrils, have been shown to exert toxic effects on cells. 21, 22 Protein oligomers are believed to be important in the specific loss of neurons in Alzheimer's disease and of b cells in type II diabetes. The oligomers bind to cells and, through mechanisms that are yet poorly understood, may lead to cell death. The formation of abnormal pores and pathological ion channels, increased oxidative stress, and interaction with local receptors (such as the receptor for advanced glycation end products) are events that have all been implied to be mediated by such protein aggregates. [23] [24] [25] [26] It is well known from other forms of amyloidosis that the involvement of arteries may induce medial degeneration and weakening of the vascular wall, leading to an increased risk for rupture. This can be seen in the systemic amyloidoses, but particularly in forms of intracranial amyloidosis, including Ab-amyloid. 27, 28 It has been shown in a mouse model of Ab cerebral amyloid angiopathy that the amyloid deposits are associated with disorganized medial smooth muscle cells and a substantial loss of these cells. 29, 30 Therefore, it is logical to believe that the sometimes widely spread medin amyloid deposits in the thoracic aorta are associated with aortic wall weakening. In this study, we have studied the prevalence of medin in aortic tissues of patients suffering from sporadic thoracic aortic dissection and aneurysm. In addition, we studied the effect of medin in a smooth muscle cell culture system.
MATERIALS AND METHODS Aortic Specimens
Aortic specimens from 27 patients with thoracic aortic aneurysm (Table 1 ) and 10 with aortic dissection type A (Table 2) were obtained from patients undergoing elective or acute surgery. All tissue specimens were from the thoracic ascending aorta. Materials from three individuals with Marfan syndrome and two individuals with giant cell aortitis were excluded from the analysis owing to the specific pathogeneses of these diseases. For comparison, tissue specimens from the same region of the aorta were taken from 29 patients undergoing coronary artery bypass surgery (punch biopsies) or aortic valve-replacement surgery (Table 3) . No obvious differences in risk factors between the three groups were observed. The control group showed no signs of medial weakness such as aortic dilation, that is, the thoracic ascending aortas had normal dimensions. The majority of individuals in all groups were males. The mean age in the control group was slightly higher than in the aneurysm group (68.0 vs 64.2 years). The mean age in the dissection group was 60.8 years. In all instances, the specimens were kept on ice during transport to the laboratory, where they were divided into a part that was fixed in buffered neutral 4% formaldehyde solution and embedded in paraffin and a remaining part that was kept at À201C.
The Ethics Committee of Uppsala University Hospital approved all studies. Data were encoded to ensure patient protection and informed consent was obtained. All measurements were performed without knowledge about the nature of the material.
Histological Methods
Sections were stained with Congo red for demonstration of amyloid. 31 Other sections were stained with a combination of aldehyde fuchsine (for elastin), van Gieson stain (for smooth muscle cells and collagen) and alcian blue (for glycosaminoglycans). Some sections, after treatment with these latter combined stains, were also treated for 10 min with Congo red B solution 32 for simultaneous demonstration of different tissue components and amyloid.
Immunohistochemical Methods
Rabbit antiserum A179 was raised against a synthetic peptide corresponding to amino acid 245-256 (within the medin sequence) of lactadherin, as described. 18, 33 In Western blots, this antiserum detects lactadherin and medin but appears to be a medin-specific antibody in immunohistochemistry. It labels amyloid but not elastin-associated lactadherin in aortic and skin material. This immunoreaction is extinguished by pre-incubating the antiserum with its corresponding peptide. Immunohistochemistry using A179, diluted 1:4000, was performed on 5 mm thick deparaffinized sections as described. 18 For double staining with Congo red, immunolabeled sections were treated with Congo red B solution for 10 min and then mounted. Confocal microscopy was used for detailed analysis of the topographical relationship between amyloid and different tissue components. For this latter procedure, deparaffinized sections were incubated overnight with A179 (1:4000) and treated as described. 18 Quantitative Estimation of Amyloid Deposits and Immunolabeled Areas As the amyloid deposits in the aortic media are dispersed as very small aggregates and are sometimes very indistinctively demarcated and only weakly stained with Congo red, a semiquantitative method was used. The individual amyloid deposits in sections stained with Congo red were counted, and the area of the tissue was determined with the aid of a Leica Qwin Standard Y2.8 program (Leica Microsystems Imaging Solutions, Cambridge, UK). The amount of amyloid was then expressed as the number of deposits per mm 
Protein Extraction
Medial samples were homogenized on ice in 0.15 mol/l NaCl containing 0.05 mol/l dithiothreitol and protease inhibitors (0.2 mmol/l phenylmethylsulfone fluoride, 2 mmol/l leupeptin, 2 mmol/l pepstatin, 1 mmol/l e-aminocaproic acid) and centrifuged (27 000 g, 30 min). This was repeated four times. By this procedure, the amyloid fibrils end up in the pellet material, whereas the supernatants contain the watersoluble material. The supernatants were dialyzed against distilled water and lyophilized. Pellet material was washed in distilled water to remove salt and lyophilized. To solubilize amyloid, pellet material was treated with 6 mol/l guanidineHCl in 0.1 mol/l Tris HCl, pH 8.0, containing 0.1 mol/l dithiothreitol and 0.2 mol/l ethylenediaminetetraacetic acid overnight at room temperature. After centrifugation, the solution was dialyzed against distilled water and lyophilized.
Cell Culture and Toxicity Studies Primary human smooth muscle cells of aortic origin from Clonetics (Cambrex, Walkersville, MD, USA) were grown in 96-well microtiter plates according to the recommendations of the distributor. On the day before medin treatment, the serum concentration in the culture medium was reduced from 5 to 0.5%. Synthetically produced medin (Keck Biotechnology Resource Laboratory, New Haven, CT, USA) was Medin in aortic aneurysm and dissection S Peng et al treated as described 18 to dissolve preformed aggregates. It was then dissolved in dimethylsulfoxide and diluted 1:10 with water to a peptide concentration of 0.5 mmol/l. The medin solution was added either immediately to the cells or incubated at room temperature for various time periods before the toxicity study to obtain different aggregation states. Medin-derived amyloid-like fibrils (confirmed with Congo red staining of droplets on glass slides) were seen from day 5. A fibrillar medin preparation was used in addition to medin that was freshly dissolved and not preincubated. The freshly dissolved medin solution mainly consists of monomers, but up to octamers were detected at size exclusion chromatography (Larsson et al, manuscript in preparation). As the fibrillar medin preparation may contain not only fibrils but also smaller aggregates of medin, we centrifuged (25 000 g, 15 min) such material and studied the effects of the supernatant. When fibrillar medin is centrifuged, a pellet that contains fibrils is formed (Congo-positive), whereas smaller aggregates end up in the supernatant. The medin solutions or an equivalent amount of dimethylsulfoxide were diluted directly into the medium for a final peptide concentration of 20 mmol/l. At day 3, the cell media were removed and mixed with 10% glycerol and stored at À701C for gelatin zymography and Western blot analyses. The cells were washed once with serum-free medium, and cell medium containing 10% Alamar Blue (Sigma, St Louis, MO, USA) was added to the cells for 45 min. Cell proliferation was determined at wavelengths of 530 nm excitation and 590 nm emission with a Wallac Victor 2 1420 multilabel counter (Perkin Elmer, Turku, Finland). The result of the Alamar Blue assay was based on the analysis of triplicate wells in three independent experiments and correlated well with the number of cells estimated with a cell counter.
Gelatin Zymography
Cell medium was separated on 10% polyacrylamide gels containing 0.1% sodium dodecyl sulfate (SDS) and 0.1% gelatin. To ensure that an equivalent amount of protein was loaded in each well, the amount was correlated to the cell number. To retain protease activity, the samples were not heated with the sample buffer and the separation was run under moderate voltage (80 V). After electrophoresis, gels were agitated for 30 min in Tris-buffered saline (TBS) (0.05 mol/l Tris-HCl, 0.15 mol/l NaCl, pH 7.4) containing 5 mmol/l CaCl 2 , 5 mmol/l ZnCl 2 and 2.5% Triton X-100. Gels were further incubated for 40 h at 371C in the same buffer as in the previous step but with 1% Triton X-100. During this step, gelatinases present in the gel are activated and cleave the gelatin in the gel. The gels were stained in Coomassie Blue solution until proteolytic activity was observed as white bands against a blue background.
SDS-PAGE and Western Blotting
Extracted proteins from patient tissue specimens and cell media were used for Western blotting. Cell media were mixed with equal amounts of sample buffer containing 8% SDS and 0.02 mol/l dithiothreitol, boiled and separated by SDS-polyacrylamide gel electrophoresis (PAGE) using 10% acryl/bisacrylamide gels. 34 Extracted proteins from patient tissue specimens (dissolved in sample buffer containing 4% SDS) were resolved according to Schägger and von Jagow 34 on a 16.5% acryl/bis-acrylamide gel. The proteins were blotted to nitrocellulose Hybondt-ECLt membranes (Amersham Biosciences, Uppsala, Sweden). The membrane containing the proteins from the cell media was incubated with a mousemonoclonal MMP-2 antibody (IM33T, Calbiochem, San Diego, CA, USA) diluted 1:500, and the membrane with patient-extracted proteins was incubated with medin antisera A179, diluted 1:2000.
Statistical Methods
Statistical analyses were performed with nonparametric (Spearman) correlation and the Mann-Whitney test. Values were given as mean±s.e.m. Po0.05 was considered significant.
RESULTS

Histological Findings
Aneurysm and dissection specimens showed varying degrees of aortic medial degeneration. Areas rich in alcian blue positive material were commonly found (Figure 1a and b) , besides signs of fragmentation of the elastic lamina. Loss of smooth muscle nuclei was evident in some areas in many of the specimens.
A majority of the samples, including the control materials, contained amyloid in the extracellular matrix of the media. The deposits had the characteristics of medin-derived amyloid, 11, 35 with small widely spread aggregates. Amyloid was often, but not always, observed as thin bands closely connected to the elastic laminae (Figure 1c and d) . Occasionally, the amyloid deposits occurred in close association with fragmented ends of elastic laminae. Small amyloid deposits, which were apparently located within smooth muscle cells, were also commonly seen (not shown).
All amyloid deposits labeled evenly with antiserum A179 against medin (Figures 1c and d and 2a-d) . In addition, a more granular and often widely distributed immunolabeling was seen in areas without congophilic material (Figures 1e and f and 2e-h). Such labeling occurred occasionally in the control material but was much more conspicuous in aortic specimens from aneurysms and dissections.
Medin Amyloid in the Three Different Groups
The amount of amyloid (Figure 3) , measured as the number of congophilic particles per area, was significantly larger in the control group (2.37 ± 0.58; median ¼ 1.20) compared to the aneurysm (0.63 ± 0.13, P ¼ 0.03; median ¼ 0.42) and dissection groups (0.36 ± 0.24, P ¼ 0.01; median ¼ 0.02). There was a significant correlation between the degree of medin-derived amyloid and patient age when all the aortic specimens were evaluated together, r ¼ 0.65 Po0.0001 (data not shown). It should also be noted that the percentage of specimens lacking any amyloid deposits was almost identical in the control and aneurysm materials (21 and 22%, respectively). The number of specimens in the dissection group was too small for comparison.
Medin Immunoreactivity
In the control specimens, medin immunoreactivity was seen mainly in association with congophilic deposits. In accordance with this, there was a strong correlation between the amount of amyloid and the medin immunoreactive area in the control specimens (r ¼ 0.91, Po0.0001) (Figure 4a ). This correlation was not found in the materials from aortic aneurysms or dissections (r ¼ 0.08, NS and r ¼ 0.27, NS, respectively; Figure 4b and c). The medin immunoreactive areas did not differ significantly between the three different groups, although there was a tendency for a higher value in the aneurysm group (6.02 ± 0.79; median ¼ 4.42) compared to the dissection (4.92 ± 0.67; median ¼ 4.50) and control groups (4.54 ± 0.74; median ¼ 4.37) (Figure 4d ). These results show that the aneurysm and dissection groups contain more medin immunoreactivity not associated with amyloid aggregates and may indicate the presence of medin oligomers.
Extracted Proteins
After homogenization and centrifugation of tissues containing amyloid, which is water-insoluble, the amyloid fibrils end up in the pellet. Amyloid specimens separated by SDS-PAGE often give rise to a characteristic smear also containing several immunoreactive bands of different sizes. These bands represent monomers and polymers of the amyloid peptide. In Western blot analyses of proteins extracted from pellet material of amyloid-containing specimens, an immunoreactive band of medin size (6 kDa) was seen (not shown). In addition, multiple immunoreactive bands of larger size, including a band with mobility of lactadherin as well as a diffuse smear, were evident. Also water-soluble supernatants of homogenized materials from aneurysm, dissection and control specimens without amyloid were separated with SDS-PAGE and analyzed with Western blot ( Figure 5 ). The results correlated well with the immunohistochemical data. Interestingly, the aneurysm and dissection material showed strong immunoreaction. A band around 46 kDa, corresponding to the size of lactadherin as well as a typical amyloid smear Figure 3 Medin amyloid in the three different groups. The amount of amyloid is shown as the mean ± s.e.m. The degree of amyloid was significantly larger in the control group (2.37 ± 0.58) compared to the aneurysm (0.63 ± 0.13, P ¼ 0.03) and dissection (0.36 ± 0.24, P ¼ 0.01) groups. Figure 4 (a-c) The relationship between the amount of amyloid (congophilic deposits) and the area taken up by medin immunoreactivity in the three studied groups. There is a strong correlation (r ¼ 0.91, Po0.0001) between the two variables for the control material, but not for the two diseased groups. (d) Medin immunoreactive area (%) in the thoracic aortic media in the three studied groups. There is no significant difference between the groups. Medin in aortic aneurysm and dissection S Peng et al down to 6 kDa, which is the size of monomeric medin, was seen. The control material contained the 46 kDa lactadherin, as expected, but no smear. A band around 26 kDa was also evident in the control material and probably represents a truncated form of lactadherin, which has been described earlier by Cavaletto et al 36 in the lactating gland. As fibrillar amyloid proteins end up in the pellet material, these watersoluble medin aggregates probably represent smaller medin aggregates, thus further supporting the presence of oligomers. The immunoreaction was not seen when antiserum absorbed with the unconjugated peptide was used.
Cell Studies and Toxicity Studies
Medin, which is a 50 amino-acid residue long peptide, aggregates spontaneously to form amyloid-like fibrils when incubated in vitro at the experimental conditions used here. This aggregation typically takes 5 days and is preceded by the formation of oligomeric assemblies. We examined the effect of medin in vitro by adding the peptide of different aggregative states to aortic smooth muscle cells in culture. Figure 6a shows the percentage of viable cells for the different medin categories tested with the Alamar Blue assay (resazurin). This assay is a sensitive and simple method for the measurement of cell viability. The reagent is added to the cell medium in an oxidized form and is then reduced to a fluorescent dye by cell activity. 37 Cells treated with fibrillar and centrifuged medin do not grow as well as the control. The percentage of viable cells is only 88 ± 2.93%, Po0.05 for the fibrillar medin and 89±3.09%, Po0.05 for the centrifuged medin compared to the control. No toxic effect is seen for the cells treated with freshly dissolved medin, 101±2.53%, NS. Because fibrillar medin and the supernatant of fibrillar medin show the same deleterious effect, the mature fibrils are probably not the toxic species. It is more likely that some smaller aggregates of medin (i.e. oligomers) exert the toxic effect observed in the cell culture experiments.
Cell media were collected and electrophoresed on polyacrylamide gels containing gelatin. Cells treated with medin showed an increased gelatinase activity compared to cells exposed to media lacking medin or media containing control (nonrelevant) peptides. Gelatinases with molecular weights between 66 and 80 kDa were especially upregulated by medin (Figure 6b ). No expression of gelatinases was detected in cell medium coincubated with medin without cells, demonstrating that the gelatinase activity is cell mediated as expected (data not shown).
With the use of an antibody directed against MMP-2 ( Figure 6c ) in Western blot, we showed that MMP-2 is partly responsible for the upregulation of gelatinases seen with the zymography. MMP-2 is a protease that degrades both collagen and elastin and has a size of 72 kDa in its inactive state. During activation, a pro-peptide segment is removed and a 66 kDa protein remains. Both the inactive and active forms of MMP-2 were induced in medin-treated cells compared to control cells. Similar results were observed with smooth muscle cells of uterine origin (data not shown).
DISCUSSION
Medin (AMed) amyloid is found in a majority of individuals above the age of 50 years. Small, but sometimes abundant, deposits are seen within the aortic media, usually in close contact with the elastic laminae. 9, 38 No specific disease has been attributed to medin amyloid deposits. However, as it has been shown that amyloids of other biochemical nature found in the vasculature may cause a weakening of the vessel wall, [27] [28] [29] it is reasonable to believe that medin is deleterious to the surrounding tissue and is also involved in conditions such as thoracic aortic dissections and aneurysms.
The observed effects of medin in an aortic smooth muscle cell culture indicate that medin amyloid may be an important player in the development of aortic aneurysms and dissections by two separate pathways. First, cells exposed to medin Thoracic aortic dissection and aneurysm often showed signs of fragmented elastin, which occasionally was surrounded by medin amyloid. It is possible that medin induces the production of MMP-2, which degrades the elastic laminae. The MMP gene expression has earlier been reported to be increased in patients suffering from thoracic aortic aneurysms or dissections. [3] [4] [5] [6] The effects of amyloid fibrils or oligomers on cells have been suggested to be of a generic nature, that is, it has been implied that it is the type of aggregation and not the biochemical nature of the peptide that determines the cellular response. It is therefore of interest that other studies have shown that Ab, the amyloidogenic peptide in Alzheimer's disease, induces the production of MMPs, [39] [40] [41] which have been suggested to be of relevance for the development of intracerebral hemorrhage in patients with cerebral amyloid angiopathy.
Second, medin may be involved in the pathogenesis of thoracic aortic aneurysm and dissection by being toxic to the surrounding smooth muscle cells. Decreased cell viability was observed for aortic smooth muscle cells in the presence of oligomeric medin. Monomeric medin did not affect the cells and our results also indicate that mature fibrils are not toxic. The moderate toxicity that we saw in our experiment may be explained by the fact that the toxic oligomers are intermediate species, which are very short-lived in vitro and hard to capture during an experiment as the oligomers tend to aggregate further into fibrils. Thus, these results fit the emerging theory that specific aggregated proteins with an amyloid fold, probably in oligomeric forms rather than as fully developed amyloid fibrils, are involved in the pathogenesis of several degenerative disorders. 21, 22 Given this it has been proposed that mature amyloid may protect tissues from more deleterious amyloid oligomers. 42 Although the target cells vary between the diseases, similar effects seem to be obtained irrespective of the biochemical nature of protein oligomers. One effect of amyloid oligomers is cell death through apoptosis. Why apoptosis occurs is still debated, but in vitro studies indicate that it may involve the formation of cell membrane pores 23 or the generation of free radicals. 24 In vivo increased oxidative stress 43 and the presence of advanced glycation end products 44, 45 have been observed in amyloid-rich tissues from patients with different kinds of amyloidoses.
The finding of significantly less amyloid in the two investigation groups, as compared with the control material, may seem surprising. However, the medin immunoreactivity area did not differ between the three different groups. It is possible to speculate that aneurysms and dissections develop when medin fibrillogenesis proceeds relatively slowly, leading to the persistence of the more toxic oligomeric aggregates. The strong correlation between amyloid amount and medin immunoreactive area in the control material is explained by the finding that medin immunoreactivity almost exclusively occurred in the form of mature amyloid in those biopsies. The lack of significant correlation between the amount of amyloid and immunolabeled areas in both the aneurysm and dissection specimens depends on the sometimes pronounced granular non-amyloid immunoreactivity in the media. Although not definitely proved by our studies, it is probable that such substance is prefibrillar, possibly oligomeric and more water-soluble and may be the medin immunoreactive protein found with Western blot in the water extracts of amyloid-free aortic tissue.
Aging is a major risk factor for the development of any kind of amyloidosis and thereby also diseases associated with amyloid deposits. The reasons for this association are not known but may be multiple and include the increasing inability of the cells to efficiently handle misfolded and aggregation-prone protein species. In this study, we found a strong correlation between the amount of amyloid and age in the patient material.
In conclusion, we found significantly more medin-immunoreactive material not associated with amyloid in specimens from thoracic aortic aneurysms and dissections, which we interpreted as being medin oligomers. In addition, we show that small aggregates of medin, as opposed to fibrillar and monomeric medin, are toxic to aortic smooth muscle cells in vitro. Further, we found that medin induces smooth muscle cell production of MMP-2 and other gelatinases that may degrade the elastic laminae and collagen of the aorta. Medin may thus weaken the aortic media in two ways, first by killing the smooth muscle cells and second by inducing the degradation of elastin and collagen. The toxicity mechanism of medin is still unresolved and should be explored further, both in vitro and in vivo. Other studies with the aim to identify therapeutic agents that interfere with the toxic species are of great interest. In a recent study, the last 19 amino-acid residues of the medin peptide were found to be required for amyloid formation. 46 One therapeutic approach would be to find agents that interact with this motif, thereby inhibiting the generation of medin oligomers and preventing toxicity.
